The aim of this study is to explore the contribution of living phytoplankton carbon to vertical fluxes in a coastal upwelling system as a key piece to understand the coupling between primary production in the photic layer and the transfer mechanisms of the organic material from the photic zone. Between ).
INTRODUCTION
The phytoplankton community structure plays a fundamental role in the variability of the biological production in marine ecosystems. This is of especial relevance since quantifying the amount of organic carbon resulting from phytoplankton production and sinking below the photic zone is a powerful tool 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 organic carbon (Wassmann et al., 2003; Boyd and Trull, 2007) . The retention capacity of the pelagic system determines the quantity and quality of the vertical flux of organic matter as it has been extensively reported (Pakhomov et al. , 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 to cover an entire year of sediment trap data for the NW Iberian coastal upwelling region . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 et al ., 1999; Cermeño et al., 2006; Arbones et al., 2008) presented high values of total primary production during upwelling season, ranging from 1120 mg C m capture the main oceanographic conditions for the study area; i.e. spring bloom (April), summer upwelling-stratification (July), autumn bloom (October) and winter mixing (January). During each period, the station was visited twice a week during a 15 days period. Additionally, another sampling site in the outer part of the Ría de Vigo (OU station; Figure 1 ) was monitored 4 times from July 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Total chl a and phaeo were analyzed by filtering 100 to 250 mL seawater samples through Whatman GF/F filters (0.7 μm of size pore). After filtration, samples were frozen (-20ºC) until pigment extraction in 90% acetone over 24 h in the dark at 4ºC. Final concentrations were determined by pigment extract fluorescence using a Turner Designs fluorometer calibrated with pure chl a (Sigma).
Measurements of net community production (NCP) and dark community respiration (DCR) were determined by 24 h in situ light-dark bottle oxygen 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 incubations at 5 depths. Oxygen was determined by an automated Winkler titration system. Net in vitro changes in the light and dark bottles gave NCP and DCR, respectively. For further details see Arbones et al. (2008) .
Samples for microplankton counting were collected at four nominal depths in the water column (5, 10, 15, 20 m depth). A seawater volume of 100 mL was preserved with Lugol´s iodine until microcoscopic determination. Depending on the chl a concentration, a volume ranging from 10 to 50 mL was sedimented in composite sedimentation chambers and observed through an inverted microscope. The phytoplankton organisms were counted and identified to the species level. Dimensions were taken to calculate cell biovolumes after approximation to the nearest geometrical shape (Hillebrand et al., 1999) and cell carbon was calculated following Strathmann (1967) for diatoms and dinoflagellates, Verity et al. (1992) for other flagellates (> 20 µm) and Putt and Stoecker (1989) for ciliates. Although not properly estimated with this methodology, picophytoplankton constitutes a very small fraction (< 6%) of total phytoplankton in the Ría de Vigo (Arbones et al., 2008) .
It is important to study phytoplankton populations both in terms of cell number and cell volume due to the fact that studies based on cell number give relative importance to the smaller species, whereas studies based on cell volume assume much greater importance of larger forms.
Sediment traps
Vertical particle fluxes were measured using a multitrap collector (MC) system.
It was composed by 4 baffled cylinders of 6 cm diameter and a height/diameter 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 bottom without the addition of any preservatives (filled with brine solution).
Samples for chl a, phaeo and POC and PON analyses were obtained by filtering 200 mL onto pre-weighted, pre-combusted (450ºC, 4h) Whatman GF/F filters (0.7 µm nominal pore size). POC analyses were carried out over decarbonated samples (using HCl vapours) with a Perkin Elmer 2400 CNH analyser as described above for the water column samples. A fraction of 100 mL preserved in Lugol´s iodine was employed for microplankton determination.
Unfortunately, we do not have data of chlorophyll and phytoplankton carbon fluxes for the spring cruise.
Regarding trap collection efficiency, it is well known that some biases might affect sediment traps moored in the upper water column. In this sense, Baker et al. (1988) established that for speeds < 12 cm s -1 mass flux collected from moored sediment traps was indistinguishable from that collected in drifting traps, which are considered to be free of hydrodynamic biases. Our current meters mounted at the trap mouth registered water current velocities lower than 
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During the spring downwelling days, the low content of chl a agreed with the relatively low phytoplankton biomass (Figure 3 ). Both diatoms (40% ± 24) and flagellates (50% ± 23) were predominant during that time ( Figure 4 and Table   1 ). This pattern was also shown in Figure 6 where it is reflected that small 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 first and last days of this period, agreed well with the relatively high values of both diatoms and dinoflagellates biomass ( Figure 4 and Table 1 ). In terms of species, the most abundant phytoplanktonic cells were Chaetoceros sp., 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 niei and single cell diatoms such as Pseudo-nitzschia and Cylindrotheca closterium ( Figure 6 ).
Leptocylindrus danicus and

Sedimentation of chl a, particulate organic carbon and phytoplankton
The time-series of chl a, POC and phytoplankton fluxes, based on the material collected on the sediment traps, are presented in Figure 5 . As expected in a productive system like the Ría de Vigo, mean POC fluxes for each sampling period were high (Table 2) Under the water column stratification conditions of the second half of July, C phyto and chl a fluxes were smaller than during the previous upwelling conditions, , respectively ( Figure 5 and Table 2 ). The most abundant species of diatoms were small centric Pseudo-nitzschia cf. and Cylindrotheca closterium that frequently appear as individual cells (Figure 6a ). In terms of biomass, these two species, alongside 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 the large diatom Coscinodiscus sp. and the large dinoflagellate Pyrocystis lunula represented the major contributors to phytoplankton carbon (Figure 6b ).
4. DISCUSSION 4.1. Seasonal pattern of vertical organic carbon fluxes in the Ría de Vigo.
In coastal upwelling regions, studies have quantitatively described the coupling between production, export and burial of particulate organic carbon (Wassmann, 1991; Fernández et al., 1995; Pilskaln et al., 1996; Wassmann et al., 1996; Thunell, 1998; Reigstad et al., 2008) , fact that will contribute to understand the supply of energy to the benthic environments (Alonso-Pérez et al., 2010) and the mechanisms controlling ocean carbon cycle. In these terms, the structure of the phytoplankton community in marine ecosystems is of special relevance since it may affect both productivity and organic carbon fluxes (Passow and Peinert, 1993) . Until now, most studies have described the phytoplankton assemblages in the water column or in the sediment traps but none of those studies have tried to simultaneously study the seasonal link between the standing stock of the phytoplankton community in the water column and its contribution to vertical export of organic carbon fluxes.
In spite of the key role of vertical export of organic matter from the photic zone, direct measurements of this export for the NW Iberian coastal upwelling system are scarce and the few published studies are based on short field campaigns (Bode et al., 1998; Olli et al., 2001; Varela et al., 2004) . In this context, our data 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 16 mg m -2 d -1 ( Figure 5 and Table 2 Similarly to the seasonal changes in phytoplankton carbon contribution, we also observed temporal changes of the C/N, C phyto /chl a and phaeo/chl a ratios for the sediment trap material. These ratios changed from low values for the summer upwelling (6.8 ± 2.0, 15 ± 9 and 1.7 ± 0.6, respectively; Table 2) to high   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 19 settling phytoplankton assemblage, associated with the suspended phytoplankton community structure. Below, we discuss in what extent the magnitude and composition of the sinking phytoplankton assemblage reflects the structure of the phytoplankton community and consequently the water column metabolic balance, for the different periods except spring. As we mentioned before, sediment trap aliquots for phytoplankton counting were not available for the spring period.
During the summer upwelling period, phytoplankton carbon accounted for a large proportion of the carbon sinking flux and was mainly dominated by large diatoms ( Figure 5 and 6). The composition of the settling phytoplankton assemblage was similar to the water column composition (92 ± 6% and 94 ± 3%
of diatoms in terms of abundance and biomass respectively), contributing 74 ± 24% of suspended POC (Table 1) ) with dominance of phytoplankton cells >20 μm, indicate a highly autotrophic pelagic community structure (Arbones et al., 2008) . Thus, the situation responded to a nonretentive pelagic food web (Peinert et al., 1989) where fixed carbon is not used by pelagic herbivores and exported as intacted cells to the seabed. Such assumption was supported by the fact that large diatoms that frequently appear forming colonies were the most relevant species in biomass terms, both in the water column and in the sediment traps ( Figure 6 ). The rapid sedimentation of these chain-forming diatoms has been related to coagulation efficiency and aggregate formation processes (Kiørboe and Hansen, 1993 
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During the summer stratification, the contribution of phytoplankton carbon to suspended POC was reduced to 29 ± 16% (Table 1) , showing that remineralization processes within the microbial food web had occurred and thus the export of organic matter from the photic zone had been reduced (Arbones et al., 2008) . This explains why the phytoplankton carbon collected in the traps was lower than during the upwelling conditions (average 18 ± 14%; Table 2 ). On the other hand, even though the highest carbon contribution corresponded to the diatom group, there was also an important carbon contribution by dinoflagellates (16 ± 8%; Table 2 ). This phytoplankton carbon partition for the trap material was not too different from the pelagic phytoplankton assemblage, where dinoflagellates plus flagellates made up 23% of phytoplankton carbon. The important contribution of dinoflagellates in both traps and water column assemblages points to a retention chain for the fixed carbon in the pelagic zone (Peinert et al., 1989) . According to these authors, under this carbon cycling pathway, fixed carbon in the pelagic zone is diverted by micro-and zooplankton grazing and a significant part of this carbon is sedimented as faecal pellet forms (Pilskan and Honjo, 1987) . In fact, average net community production for this period was lower than for the summer upwelling situation (Table 1) , suggesting a lower degree of autotrophy (Arbones et al., 2008) . As it could be expected, the most abundant species in the water column were medium size diatoms (Figure 6a ), frequently observed when water column is stratified (Casas et al., 1999; Varela et al., 2001; Civic et al., 2007) . In spite of their high abundances in the water column, Chaetoceros curvisetus and Leptocylindrus danicus were practically absent in the trap material probably due to their morphological features. Chaetoceros curvisetus possesses long 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 21 aerolated setae which facilitate buoyancy and the elongated cells of
Leptocylindrus danicus large chains aid buoyancy in the water column (Margalef, 1978; Tilstone et al., 2000; Acuña et al., 2010) . The highest contribution to phytoplankton carbon corresponded to large chain-forming diatoms (Detonula pumila and Asterionellopsis glacialis) as during the summer upwelling conditions though these diatom species were not the most abundant ones.
As previously mentioned, the autumn cruise registered a transition period from an upwelling event to a scenario of intense water column mixing (Figure 2 ). This shift in oceanographic conditions was also reflected on the metabolic balance of the water column (Table 1) and on the quality of the settling material composition (Table 2) . During the first two days, when the system was clearly
) the contribution of phytoplankton carbon to the trap material reach a value as high as 18% (Table 2) . On the contrary, during water column mixing conditions when low primary production rates were registered and the respiration rates were mainly controlled to heterotrophic processes (Table 1) (Arbones et al., 2008) , the contribution of the living phytoplankton carbon to the trap material was reduced to a value as low as 4% (Table 2 ).In fact, the water column phytoplankton assemblage changed from a diatom-dominated assemblage for the upwelling conditions to an assemblage equally-partitioned by diatoms and dinoflagellates (Table 1 ). In contrast, for the trap material, there was a preferential sinking of diatoms, with a very similar diatom contribution for the entire autumn period (average biomass 83 ±15%; Table 2 ). However, in the trap material we also did observe a species shift from a high contribution of Stephanopyxis turris and Eucampia zodiacus during the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 22 upwelling conditions, to a dominance of Coscinodiscus sp. during the mixing conditions. In fact, Coscinodiscus sp. is most favoured than the other large diatoms under mixing scenarios.
During the winter cruise, characterized by a well mixed water column with low temperatures and high nutrient levels (Figure 2) , the phytoplankton carbon contribution in the sediment traps registered the minimum annual values (average 2.4 ±1.2%) with diatoms as the main contributor group, both in terms of abundance and biomass ( Table 2 ). The phytoplankton carbon in the water column also reached minimum values for this period, with a similar average in the sediment trap (average 2.4 ± 0.8%, Table 1 ) though with a very different phytoplankton composition (56 ± 30% and 55 ± 15% of dinoflagellates plus flagellates in terms of biomass and abundance respectively). The active water column mixing caused the passive settling of non-sinking small diatoms on the sediment traps ( Figure 6 ). On the other hand, as we discussed before this intense mixing induced a strong sediment resuspension which caused the appearance of the benthic diatom Paralia sulcata in the water column (Margalef, 1958 , Casas et al., 1999 , Civic et al., 2007 .
CONCLUSIONS
The seasonal study of vertical export of organic matter in the Ría de Vigo (NW Iberian Peninsula) by considering the structure of the phytoplankton community 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Finally, during winter, the intense mixing of the water column and the light limitation clearly caused a strong decrease of the water column phytoplankton carbon, mainly composed by small single-cell diatoms and dinoflagellates. In consequence, the C phyto fluxes decreased though the organic carbon collected on the traps was still high due to the resuspension processes favoured by the intense vertical mixing.
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